Background: Stroke is a leading cause of death and disability worldwide. Knowledge of stroke risk factors and warning signs might improve its prevention and ensure prompt activation of emergency medical services and access to thrombolysis. Educational campaigns have been held in Portugal though its impact on knowledge of medical patients has not been assessed.
Introduction
Stroke is an important cause of death and disability worldwide [1] . In Portugal stroke is one of the leading causes of death, being mortality from stroke higher than ischemic heart disease mortality, unlike the european trend. Prevalence of ischemic stroke range from about 60% [2] to 85% among different populations, being ischemic stroke up to 10-times more frequent than hemorrhagic stroke in Western countries. [3] Thrombolysis has shown to be an effective treatment for acute ischemic stroke within 4.5 hours of onset of ischemic stroke, improving clinical outcome [4, 5] , not only reducing death but also dependency in activities of daily living [6] . The narrow therapeutic window of thrombolysis requires a prompt hospital arrival.
Several studies revealed that most acute stroke patients arrive too late to hospital [7] [8] [9] , mainly due to delay in the decision to seek medical care following acute stroke symptoms onset [10, 11] . Prehospital delay might also occur because patients not activate emergency medical service but rather directly access emergency department, contact first a family member or the family doctor [12] [13] [14] .
Previous studies have found that the public lack of knowledge of stroke warning signs [13] [14] [15] [16] [17] [18] and risk factors as well as misunderstanding the concept "time is brain" might contribute to delay in responding to stroke as an emergency. Awareness of stroke warning signs might permit a faster recognition of stroke and immediate activation of prehospital emergency team [19] . Decrease in time from stroke onset to hospital arrival might increase the number of patients eligible to thrombolysis [19] .
Knowledge of stroke risk factors might improve primary prevention [19] , through lifestyle modification [20] and a more efficient control of cardiovascular risk factors. Previous studies have revealed that an important proportion of stroke high-risk patients are unaware of their risk [13, 16, [20] [21] [22] .
The European Stroke Organization (ESO) suggests that educating the population to recognize stroke symptoms and changing people's attitudes to acute stroke, may reduce the delay from stroke onset to emergency medical service involvement [23] .
Several educational interventions have been carried out worldwide in order to improve recognition of risk factors and warning signs of stroke. Nevertheless, its impact on changing behavior is poor [24, 25] , despite increasing awareness of stroke warning signs.
Recently, an educational mass media campaign about stroke and myocardial infarction was carried out in Portugal [26] . A post-intervention study [27] revealed a reasonable knowledge of stroke warning signs by the overall population. However, the extent of knowledge was not studied in specific high risk groups. Some authors have considered that although mass media campaigns immediately improve stroke knowledge, awareness of stroke risk factors and symptoms declines post-intervention [28] .
Worldwide several community-based studies have been performed to assess awareness of stroke risk factors, warning signs and attitudes intended to take when stroke is suspected [29] . Nevertheless, few studies were exclusively performed on medical outpatients [20, 30] .
The aim of our study is to determine the knowledge of medical outpatients about stroke risk factors and warning signs as well as the attitude toward a suspected stroke. Subgroup analysis was undertaken in hypertensive and elderly patients.
Methods
This study was a cross-sectional, single center, observational study conducted during a 6 weeks period in the outpatient clinic of São Francisco Xavier Hospital during the year of 2011. São Francisco Xavier Hospital is a central and university hospital of Lisbon, that belongs to an Hospital Centre serving a population of about 935.000 people as a tertiary referral center. In 2010 a total of about 18000 medical consultations were performed.
Patients were randomly selected while waiting for medical consultation in the waiting room. Verbal consent to participate in the study was obtained.
Patients were interviewed face-to-face about stroke risk factors and warning signs and attitude intended to acute stroke by two trained doctors. Each interviewer conducted a standardized, structured, one-to-one interview, according to a questionnaire designed to guide interview, avoiding bias. Patients were firstly elucidated about the aim of our study and confronted the several alternative designations of stroke. The interviewer intervened only if asked to clarify any question, though correct answers were not suggested.
The questionnaire was structured in 4 groups of questions. The translated version of the questionnaire is depicted in figure 1.
The first part included questions about stroke risk factors. An open-ended question was firstly performed, asking patients to name stroke risk factors. The remaining risk factors not spontaneously recalled were asked as closed-ended questions, integrated in a list of risk factors and diseases, which included 8 confounding conditions. The second part of the interview was about stroke warning signs, including also open-ended and closed-ended questions such as the first part.
The third part was about the attitude to acute stroke. The patient was inquired about the action that should be taken if a stroke was suspected through a multiple-choice question. Patients that answered to ask for medical care were inquired about the level of medical care that they would seek if a stroke was suspected, through a multiplechoice question as well.
The final question group concerned patient sociodemographic and clinical profile.
All interview data were recorded in a database. Sub-group analysis of the hypertensive and elderly patients (65 or more years-old) were performed.
Statistical analysis
Descriptive and comparative statistical analysis were carried out using SPSS version 18.
Continuous variables were expressed as mean ± standard deviation (SD) and 95% confidence interval (CI) for the mean. Categorical and ordinal variables were expressed as absolute frequency (n) and proportion (%) of the overall sample or subgroups.
Hypertensive and Non-Hypertensive and Elderly and Non-Elderly groups were compared. Continuous variables were compared using the T-Student test. Categorical variables were compared using the chi-square test and the Fisher's exact test.
Multivariate logistic regression with forwards stepwise selection was used to identify the influence of several sociodemographic and clinical characteristics on knowledge of stroke risk factors, warning signs and attitude to acute stroke of overall sample. The entry criterion for the multivariate model was p ≤ 0.05. The receiver operating characteristics (ROC) area under the curve (AUC) was used to assess models discrimination.
Statistical tests were two-tailed and reported statistically significant at p<0.05.
Results
A total of 252 patients were interviewed. Four questionnaires were excluded for incomplete data. Clinical and demographic data are presented in table 1.
One hundred and forty six patients were female (58.9%). The mean age was 60.56 ± 16.7 years-old (range 21 to 90 years-old). The mean number of stroke risk factors per patient was 4.44 ± 2.09. The most prevalent stroke risk factors were hypertension (65.7%), dyslipidemia (57.7%), sedentary life style (57.7%) and stress (52%). 
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Knowledge of stroke risk factors (Table 2)
Of the ten stroke risk factors considered, each patient spontaneously recalled, in average, 2.24 ± 1.47 risk factors. Two hundred and nine patients (84.3 %) spontaneously recalled at least one stroke risk factor and 68.9% recalled two or more. Hypertension, dyslipidemia and stress were the risk factors most frequently spontaneously recalled (43.5%, 34.7% and 28.6%, respectively). Diabetes was spontaneously recalled by only 15.4% and recognized by 62.9%. Diabetic patients identified more frequently diabetes as a stroke risk factor than non-diabetic patients (96.6% vs 72.7%, p<0.001).
According to multiple logistic regression, knowledge (spontaneous recall) of at least 4 risk factors was related to presence of hypertension and higher educational level ( Table 5 ).
Knowledge of stroke warning signs (Table 2)
Of the eight stroke warning signs considered, patients spontaneously recalled, in average, 1.60 ± 1.40 risk factors. One hundred and eighty four patients (74.2%) spontaneously named at least one stroke warning sign and 46.8% were able to name at least two.
The most common stroke warning signs recalled were hemiparesis, speech impairment and facial palsy (33.9%, 24.2% and 19.8%, respectively). Sixteen subjects (6.5%) spontaneously recalled speech impairment, hemiparesis and facial palsy simultaneously and 93.6% simultaneously recalled or identified these three warning signs, considered the three main warning signs of stroke.
Multiple logistic regression (Table 5) revealed that higher educational level and smoking were related to spontaneous recall of at least 4 stroke warning signs. Failure on identification or recognition of the three main stroke warning signs was related to previous myocardial infarction.
Intended behavior in acute stroke
Faced with stroke suspicion two hundred and forty one patients (97.2%) would ask for medical care immediately: 169 (69.6%) would activate emergency medical service, 70 (28.8%) would directly get the emergency department and 4 (1.6%) would seek primary health care.
Multiple logistic regression (Table 5 ) revealed that no activation of emergency medical service when acute stroke is suspected was inversely associated to knowledge of stroke risk factors.
Subgroups Analysis
Hypertensive patients (Table 3) One hundred and sixty three hypertensive patients were inquired and compared with non-hypertensive patients (n=85). Sociodemographic and clinical characteristics of hypertensive and non-hypertensive patients are resumed in Table 1 .
Hypertensive patients revealed a better knowledge of stroke risk factors, identifying in average 9.37 ± 1.01 (vs 8.91 ± 1.30 in nonhypertensive patients, p=0.005). One hundred and forty hypertensive patients (85.9%) spontaneously recalled at least one risk factor (vs 81.2% in non-hypertensive patients, p=0.361). No difference was observed in recalling or recognizing each stroke risk factor between hypertensive and non-hypertensive patients. Knowledge of stroke warning signs was identical in both hypertensive and non-hypertensive patients. One hundred and twenty five hypertensive patients (76.7%) recalled at least one warning sign (vs 69.4%, p = 0.224). Recalling or recognition of each warning sign was identical in both groups.
Concerning attitude to acute stroke results were similar in both hypertensive an non-hypertensive. Wait and see
Elderly patients (
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Wait and see Wait and see Concerning each stroke risk factor, the most commonly recalled were hypertension, dyslipidemia and stress. There were no significant differences in recalling each stroke risk factor between elderly and non-elderly except that smoking and sedentary life style were less spontaneously recalled by elderly. Nevertheless, when presented a list of stroke risk factors elderly were able to easily identify those two risk factors, such that global results of recalling and recognition of these two risk factors were similar in both age groups. Equally to the overall sample results, diabetes was the second least identified stroke risk "factors" (78.7%) by elderly.
Regarding stroke warning signs, elderly significantly recalled a lower number than non-elderly but identified a higher number of risk factors. No difference was noted considering recalling and recognition of stroke risk factors simultaneously between the two age groups. Seventy eight elderly patients (85.5%) identified at least one stroke warning sign (vs 88.7% of non-elderly patients, p=0.06). The most commonly recalled risk factors by elderly were hemiparesis (28.1%), speech impairment (18.4%) and confusion (18.4%). Facial palsy was less often recalled by elderly (11.4% vs 26.9% by non-elderly, p=0.010). Although, considering the knowledge of the three main stroke warning signs together, despite a trend to a lower knowledge by elderly (4.4% vs 8.2%), no significant difference was observed between elderly and non-elderly.
Behavior intended to acute stroke was similar in both age groups.
Discussion
Our results reveal a good level of knowledge of stroke risk factors and warning signs within medical outpatients, better than that described in the majority of similar studies in the literature [19] . Greater awareness of stroke risk factors and warning signs might be motivated by the presence of medical comorbidity in patients we have studied while subjects included in most previous studies represent the general population.
In our study assessment of stroke risk factors and warning signs was performed through both open- and closed-ended questions. Assessment of stroke related knowledge through closed-ended questions revealed an outstanding level of knowledge, which might overestimate the real level of knowledge, as revealed in previous studies [15, 31] . Consequently, we have focused analysis of results on data obtained through open-ended questions.
We found that 84.3% of patients spontaneously named at least one risk factor while most studies reported percentages that range 40 to 79% [13, 16, 18, 20, [32] [33] [34] [35] [36] [37] [38] [39] [40] [41] .
Hypertension and dyslipidemia were the most frequently named risk factors (43.5% and 34.7%). Other studies have already revealed that these two risk factors are among the most perceived as stroke risk factors [13, 16-18, 20, 29, 32, 38-40, 42-48] .
Surprisingly, despite diabetes highly increases stroke risk, it was the second least recalled or identified stroke risk factor. Other studies have also reported poor recognition of diabetes as a risk factor for stroke [13, 16-18, 20, 32, 35, 41, 42, 47-50] . However, in our study diabetic patients were able to recognize their condition as a predisposing factor to stroke better than non-diabetic patients. Schneider et al have also reported that diabetic patients were more likely to name diabetes as a stroke risk factor than non-diabetic subjects [18] . Unawareness of importance of diabetes in stroke risk by diabetic patient was previously reported by Pancioli et al, with only 13% of diabetic patients recognizing diabetes as a major stroke risk factor [16] .
Our data revealed that 74.2% of patients were able to name at least one warning sign while other community-based studies presented lower percentages that range 30 to 70% [16-18, 20, 28, 34-36, 38, 39, 45, 49, 51-54] . In our study only 46.8% of patients recalled two or more stroke warning signs while other studies have reported better identification of stroke warning signs [32, 40, 41] . However, most questionnaires used were based on closedended questions, which might overestimate the level of knowledge.
Similarly to previous studies [13, 14, 17, 32, 39-43, 45, 46, 48, 55, 56] hemiparesis, speech impairment and facial palsy were the most frequently recalled stroke warning signs in our study. However, only sixteen patients have spontaneously recalled the three main warning signs of stroke together, which might reveal inability to early identify stroke and immediately activate emergency medical services.
Multivariable logistic regression analysis revealed that education was associated to better knowledge of stroke risk factors and warning signs. This association was also reported in several studies performed in community [16-18, 29, 31, 32, 35-38, 43, 44, 49, 50, 57-62] and high-risk groups [20] . Hypertension was also associated to better stroke-related knowledge, similarly to previous studies [16, 18, 35] .
Smoking was a predictor of better knowledge of stroke warning signs, which had been previously reported by Pancioli et al [16] .
Concerning intended attitude to acute stroke we found that a significant proportion of patients would not activate emergency medical service facing stroke suspicion, which might hinder optimal stroke therapeutics, jeopardizing stroke outcome. Indeed, only 69.5% would activate emergency medical service. Becker [36] and Rowe [49] have reported very similar results concerning intended activation of emergency medical service, though several other authors have found better results reporting percentages of subjects seeking emergency medical care that range from 72 to 90% [13, 18, 25, 35, 50, 63, 64] .
Furthermore, we believe these results overestimate the percentage that in the real scenario would activate emergency medical service as this topic was assessed through multiple-choice questions instead of open-ended questions. Some authors have also showed that despite adequate knowledge of stroke warning signs and intention to immediately activate emergency medical service, in the real scenario a significant number of patients would fail activation of emergency medical service [35, 65] . According to ESO only 33-50% of patients recognize their own symptoms as stroke, which might explain the discrepancies between theoretical intended behavior to acute stroke and the reaction in case of an acute stroke [23] .
Failure of activation of emergency medical service was inversely associated to knowledge of stroke risk factors, though association to knowledge of stroke warning signs was not found, as reported in other studies [39, 41, 60, 66] .
Sub-group analysis of hypertensive patients revealed a better knowledge of stroke risk factors by hypertensive patients (p=0.005). Previous studies have already showed hypertension to be a good predictor of knowledge of stroke risk factors and warning signs [16] [17] [18] 47] . However, awareness of hypertension as a stroke risk factor was identical in hypertensive and non-hypertensive subjects, unlike previous studies that reported greater awareness by hypertensive subjects [16, 18] . Hypertensive patients revealed no trend to activate more the emergency medical service than non-hypertensive patients.
Sub-group analysis of elderly patients did not reveal unequivocal difference of knowledge of stroke risk factors and warning signs between both groups. Elderly revealed a worse performance in spontaneously recalling risk factors and warning signs; on the other hand elderly patients revealed a better performance in identifying risk factors and warning signs within a list. Memory decline that frequently occurs with aging might explain the difficulty in spontaneously recalling risk factors and warning signs. Indeed, considering global results regarding number of risk factors and warning signs identified in both open-and closed-ended questions, there was no significant difference of knowledge between elderly and non-elderly. Other studies showed that age is a predictor of lower knowledge of stroke risk factors and warning signs, regardless of the type of questions used [13, 15-18, 21, 29, 31, 35, 39, 52, 60, 62] . Such as in our study, Carroll et al have reported no influence of age on the level of knowledge of stroke [13] .
Elderly inquired presented a better stroke-related knowledge than in other studies. We found that each risk factor and warning sign inquired was recognized (or even spontaneously recalled) by more than 70% of elderly patients, while Hickey et al [40] have reported that most stroke risk factors and warning signs were recognized by less than 50% of elderly patients. Hypertension, dyslipidemia and stress were the three most frequently identified risk factors in our study, similar to data presented by Hickey et al [40] . Although some studies have demonstrated association of older age and correct activation of acute emergency service [41, 66] , in our study there was no difference of behavior to acute stroke between elderly and non-elderly patients.
Unlike other studies [13, 16, 17, 20, 22, 53, 67] , we did not found poorer stroke knowledge in the two highest risk groups studied. Hypertensive and elderly patients revealed identical knowledge of stroke warning signs compared to non-hypertensive and non-elderly patients, respectively. Hypertensive patients even revealed better knowledge of stroke risk factors.
Limitations of our study are mainly related to relatively small sample size and being a single-centre study. However, our study used both open-and closed-ended questions. We believe that none of the both methods corresponds to real knowledge as the first one underestimates and the latter overestimates. Another advantage of our study was personal contact between the interviewers and the participants as it ensure greater reliability in comprehension of the questionnaire and authenticity of the answers obtained.
Conclusions
To our knowledge this is the first Portuguese study that assessed awareness of stroke risk factors and warning signs and correct behavior to acute stroke of medical outpatients. We consider that development of adequate stroke prevention and treatment strategies requires an assessment of stroke-related knowledge, not only of general public but also of high-risk groups. Therefore, results of this study might be useful in targeting future public or high-risk groups educational campaigns, according knowledge deficits identified.
Ability to spontaneously recall the three main stroke warning signs must be improved, as well as intended activation of emergency medical service to acute stroke. Overall stroke knowledge must be improved in diabetic and elderly patients.
There was no association between failure to activate emergency medical service and knowledge of warning signs. Therefore, further investigation is necessary to identify barriers responsible for the incorrect behavior to acute stroke, despite adequate knowledge of stroke warning signs.
